Background: In Nepal, about 75% people rely on wood and other biomass fuels for cooking. The majority of Nepali families cook on a traditional stove, an open fire in the kitchen resulting in indoor air pollution, one of the key risk factors for Acute Lower Respiratory Infection (ALRI) among under-five children.The study aimed at exploring the association of indoor air pollution due to use of traditional cooking stoves with ALRI among under-five children in Rasuwa, a Himalayan district of Nepal.
Introduction
According to World Health Organization (WHO), around 3 billion people worldwide use open fires and leaky stoves burning biomass (wood, animal dung and crop waste) and coal to cook and heat their homes (1) .Nearly 2 million people die each year from exposureworldwide to cook stove smoke (2) . In a study by WHO, indoor smoke is one of the underlying causes resulting nearly 800,000 child deaths annually. Further, inhaling indoor smoke doubles the risk of pneumonia and other acute infections of lower respiratory tract among under-five children which is the single most important child killer globally (3) .
The census 2011 report in Nepal shows that about 75% of households depend upon solid bio-fuels (firewood about 64 % and cow dung about 11%) for domestic uses (4) .
Use of solid bio-fuels is higher in rural areas of Nepal. Majority of Nepali families cook on traditional stoves, mostly in an open fire (5) . Burning of solid fuels like biomass and coal on traditional, inefficient stoves or open fires results in indoor air pollution (6) (7) (8) which is the major cause of lower respiratory infections (9) . In Nepal, Acute Lower Respiratory Infection (ALRI) is one of the major causes of deaths among under-five children (10) . Half of the deaths from ALRI among children are due to particulate matters inhaled from household solid fuels (1) . Inhaling of indoor smoke from cooking fire using biomass as household fuel increases the risk of ALRI among under-five children (11) (12) (13) (14) and thus increases threats of infant mortality and morbidity (6, 15) . The improved stoves compared to traditional open ones, use less firewood with the smoke outlet away from the house which reduce indoor air pollution and consequently can lower the respiratory problems (5, 16, 17) . The main aim of this study was to explore the association of indoor air pollution due to use of traditional cooking stoves with ALRI among under-five children in Rasuwa.
Methods
This cross sectional survey was conducted from October to November 2011 in Rasuwa district of central Himalayan region in Nepal. Those households using biomass as cooking fuel were included in the study. Mothers of thehouseholds, having at least one under five children preceding the survey, were interviewed.
Six Village Development Committees (VDCs), out of 18, were randomly selected from the district which represented 33% of the total VDCs. A 30 by 7 cluster sampling method based on Proportion to Population Size (PPS) was used taking wards (sub-administrative unit of VDC) as clusters ( Figure 1 ). Students with public health background were recruited and trained for data collection. They collected data under supervision of the principal investigator. In the first step, the data collection team met the local leaders of a ward (the cluster) to develop a rough map of the major settlements (sub-clusters) within the ward, often called "toles" in Nepali. The toles were coded randomly as 1, 2, 3 and 4. Starting from 1, in each tole, the field team reached the main settlement and threw a stick to the ground. They then chose the first house for interview towards which the stick was pointing. The researcher followed a pattern (straight or zigzag) to select the other houses for interviews until the desired number of respondents was interviewed. Only in Bhorle VDC, two clusters fell in the same ward due to high number of population. In that case, the ward was virtually divided into two equal halves and above mentioned process was repeated for each cluster. From each cluster, seven respondents were selected for interview and the enumerator moved to next cluster as soon as the target number of respondents for the cluster was met. As expected, the target number of seven respondents was met at each cluster. In case of having more than one mother in the sampled household, only one was selected randomly for interview.
Mothers of selected household were interviewed face to face to collect the information. A structured questionnaire, including observation checklist was developed based on relevant literatures and used for the interview. The developed questionnaire was translated into Nepali language for interview. The questionnaire was pretested among five mothers residing in Dapcha VDC of Kavre district. Few necessary modifications in sequencing, addition and removal of some questions were made prior to data collection. The study was conducted by Integrated Rural Health Development Training Centre (IRHDTC/Nepal) in coordination with District Health Office at Rasuwa as an operational research to strengthen CBIMCI program. All ethical procedures for a cross sectional study was followed including written informed consent taken before interview.
The study did not involve any experimentation or insertion procedures. Study investigators fully respected the right of refusal to participate or stop an ongoing interview anytime.
Outcome variables
ALRI among under-five children was the outcome variable of the study. Signs and symptoms of under-five child in the selected household were identified and categorized as either having ALRI or not. Respiratory rate is a valuable clinical sign for ALRI diagnosis (18) . Mothers were asked if their child had symptoms of common cold with fast breathing within last 30 days. The children with history of common cold and fast breathing or increase in respiratory rate within the last 30 days were defined as having ALRI.
Explanatory variables
Interview as well as observation was done to explore the types of cooking stove in households. The traditional stoves with open fire tripod releasing high amount of smoke inside the kitchen were classified as open stove whereas modified stoves with smoke outlet out of the house and resulting in less indoor air pollution were classified as improved fire stoves. The socio-demographic factors under this study were ethnicity, age of mother and child, mother's group membership status, occupation and educational level of parents, type of family, and wealth index. The caste was categorized into six ethnic groups namely dalit, disadvantaged janajatis, disadvantaged non-dalit terai caste groups, religious minorities, relatively advantaged janajatis and upper caste group (Brahmin/ Chhetri) according to classification by Health Management Information System of Nepal. These ethnic groups have been divided on the basis of their socio-cultural status (19) . For bivariate analysis, they were further grouped into two categories, privileged ethnic group including upper caste and relatively advantaged janajatis and nonprivileged group including relatively disadvantaged janajatis and dalits. The age of mother was grouped into two categories as less than 20 and 20 years or more. The age of children was categorized into less than 12 months and 12 months or more. In every ward, Female Child Health Volunteers (FCHVs) provide health awareness programs on prevention and management of childhood illness through mothers' group meeting. Hence, mothers' group membership was studied that signifies their participation in such programs and that can affect their awareness and practices on ALRI. Occupation of mothers and fathers were grouped into either labour intensive or non-labour intensive on the basis of type of work. Labour intensive occupation included works in restaurants, hotels, agriculture, mining, construction sites and so on that required more physical works with comparatively less wages. The labour intensive groups can have fewer chances of well household economy, educational level and proper care of their children. The educational level of parents were categorized into illiterate and literate (just literate, primary and above). The wealth index was classified into three ranked categories in terciles. Terciles were calculated using Principle Component Analysis functionality of SPSS. The categorization process was similar to that of wealth quintile in Demographic Health Survey (20) . In this research, however, wealth index was categorized into only three groups due to small sample size. First tercile comprised of the group with relatively low aggregate wealth, second tercile comprised of the group with relatively average aggregate wealth and third tercile comprised of the group with relatively high aggregate wealth.
Data analysis
The filled questionnaires were checked, edited and coded systematically immediately after data collection. Data were then entered into Epi info (3.5.1 version). The data were imported into Statistical Package for Social Sciences (SPSS) version 17 and logistic regression was applied for analysis. The significantly associated variables at p-value less than 0.05in bivariate analysis were evaluated in multivariate logistic analysis at 95% level of significance. Table 1 represents the characteristics of respondents under study. Majority of the households (69.5%) used open stoves and the remaining (30.5%) used improved stoves for cooking purpose. About one in three (31%) under-five children had ALRI within last 30 days of data collection. The highest number of respondents was from Bhorle VDC followed by Yarsa VDC and the least was from Goljhung VDC. Majority of the respondents (69%) belonged to disadvantaged janajatis and about 30% of the mothers had child aged less than 12 months. Most of the mothers were aged 20 and above. Most (59%) of the mothers were not affiliated to their local mother's group. A higher proportion of the mothers (90%) and fathers (79.5%) were involved in labor intensive works. Out of total, 57% of mothers and 36% of fathers were illiterate and 53% of the respondents were from joint families.
Results

Factors associated with the ALRI
In the bivariate analysis, types of cooking stove, ethnicity, age of child, age of mother, mothers' group membership status and occupation of father were independently associated with ALRI among under-five children as in Table 2 . The significant factors were then subjected to multivariate logistic regression analysis. Open type of cooking stove was found to be highly associated with ALRI [aOR-2.30; 95% CI (1.03-5.10)] in under five children after controlling for possible confounders i.e. caste group, age of children, mother's group membership status and occupation of father (Table 3 ). Younger age of child (less than 12 months) [aOR-1.78; 95% CI (0.91-3.48)] and labour intensive occupation of father [aOR-2.4; 95% CI (0.9-6.44)] were also found to be significantly associated with ALRI (Table 3) .
Discussion
Majority of the people (69.5%) from Rasuwa used traditional open fire stoves for cooking. Another study conducted in five VDCs of the district stated that more than 90% of households in the area depend on biomass fuel for cooking as well as heating homes and most of them use inefficient traditional stoves in poorly ventilated kitchens (12) . Census 2011 showed that about 90% of the households in Rasuwa use wood/firewood for cooking (4). Out of total, 31.4% of under-five children suffered from ALRI in the study area. This indicates that ALRI is one of the major health problems of children in the district. After adjustment of confounding factors, the type of stoves was found to be associated significantly with having ALRI among the children. Children from households using traditional open fire stoves were more than twice likely to suffer from ALRI. Many other studies depicted that children living in household that uses solid fuel as their primary cooking fuel have higher risk of ARI in comparison to those using cleaner fuels (21, 22) . A study in Dhading district of Nepal computed that about 50% of Disability Adjusted Life Years (DALYs) lost due to ARI and pneumonia were attributed to indoor smoke (15). High prevalence of acute respiratory infection among children was associated with the use of such unprocessed biomass fuels in traditional open stoves (23) . There was significant increase in risk of ALRI among young children who were exposed to indoor smoke from solid fuels (24, 25) and improved stoves in community have been effective in reducing child exposure to the indoor smoke (2, 26) . A study by Smith et al. stated that improved cook stoves with lower exposure than the traditional ones might be needed to reduce ALRI substantially (27) .
The present study further depicted that smaller the age of child, the higher the risk of having ALRI due to indoor smoke. Younger child are at risk of respiratory diseases since they are more often carried on mother's back while cooking and get exposed to indoor air pollution (28) . Interestingly, occupation of father was also found to be linked with ALRI which might be associated with the affordability and awareness regarding the use of improved stove. Labour intensive jobs are usually low paid which may be limiting the capacity of corresponding families to afford improved stoves. Use of traditional/open stoves causing indoor air pollution is strongly linked with poverty (29) . Poor families tend to be less educated and unaware about key health issues including indoor air pollution and its effects on children. Local health organizations can help in improving awareness about risks of using traditional stoves particularly among poorer groups.
Although this study possesses the strength such as cluster random sampling, pre-tested structured questionnaire and direct observation technique for data collection, it had some limitations as well. Results might have been affected by recall bias. The study was limited to only Rasuwa district due to which the findings should be used carefully for comparing with evidences from other (Hill and Terai) parts of the country. Variables such as smoking habit of parents and location of cooking stoves in houses, that could be associated with ALRI, were not explored. Future studies addressing these factors can provide clearer picture on the associated factors of ALRI.
Conclusion
This study concluded that the use of traditional open types of cooking stoves was significantly associated with prevalence of ALRI among under-five children. Thus, use of improved cooking stove is recommended to prevent ALRI in children. Cost-effective improved cook stove program might be promoted targeting the rural and poor households in colder regions of Nepal to decrease the incidence of ALRI among under-five children in future. Further, the District Health Office could prioritize child health promotion programs in those areas where there is high use of traditional cooking stoves.
